Abstract. -We use the sharp pulse method to perform numerical experiments aimed at exciting moving high energy strongly localized kink-solitons in the Fermi-Pasta-Ulam chain of anharmonic oscillators. An approximate analytical expression of the kink-soliton is derived. This is compatible with the fact that these objects move with ultrasonic velocities, proportional to stiffness. For low excitation energies our kink-solitons reduce to the well-known soliton solutions of the modified Korteweg de-Vries (KdV) equation. For high excitation energies kink-solitons acquire a compact support as it happens for KdV-like equations with nonlinear dispersive terms: P. Rosenau, Phys. Rev. Lett., 73, 1737Lett., 73, , (1994.
Introduction. -The interest in studying moving nonlinear localized excitations (solitons, kinks, etc.) is mainly motivated by the fact that they could be related to the transport properties of the system. In this connection, one dimensional lattices of anharmonic oscillators should be expecially mentioned because they can serve as a testing ground for nonlinear transport behavior. In particular, Fermi-Pasta-Ulam chains (FPU) [1] are characterized by a divergent heat conductivity [2] . This anomalous behavior could be explained by the presence of weakly damped linear long wavelength excitations but also by the existence of exact moving solitonic solutions in the nonlinear regime.
Let us mention that invariance under the symmetry transformation that shifts the positions of all oscillators by the same amount relates FPU chain to a wide class of systems which share such continuous symmetries, e.g. quasi-one dimensional easy plane ferromagnets and antiferromagnets [3, 4] , ferrimagnetic systems with spiral structures [5] and even quantum Hall double layer pseudo-ferromagnets [6] . Anomalous transport properties could appear for all the systems in this class. This makes extremely important to assess whether such properties could be related to the existence of moving localized solutions by analyzing in detail the case of the FPU model.
Two types of numerical methods have been commonly used to study the time evolution of localized objects (both static and moving) in anharmonic lattices (see e.g. the review paper [7] ): i) exact [7, 8] or approximate [9, 10] solutions are put initially onto the lattice and ii) modulational instability of zone-boundary modes is induced [11, 12, 13, 14, 15, 16] . The first method allows one to investigate single moving localizations but it assumes the knowledge of exact or approximate solutions. By using the second method a number of localized modes is produced: they move, collide and merge, and therefore it is hard to investigate any single moving object. As far as moving localizations interact with the perturbed phonon band it is impossible to distinguish if the movability is caused by the inherent properties of the localized object or it comes out as a result of collisions with the background [17] .
In this Letter we show another method to produce strongly localized modes. This approach is well known since solitary water waves were discovered by lord Russell two centuries ago [18] . This method also has been successfully used to generate optical solitons in fibers [19] as well as magnetization envelope solitons in Yttrium Iron Garnet film waveguides [20, 21] . The method is very simple: a sharp pulse is applied on one end of an unperturbed sample. Then, the system itself will choose the stable propagating localized mode and the only thing that is left is to follow its motion. We have performed this numerical experiment for an FPU chain with quadratic and quartic interactions between nearest neighbors. For large amplitudes, we observe ultrasonic strongly localized objects where just a few oscillators are excited, showing a very small, numerically unmeasurable, energy loss.
Several immobile (so called s-like) and mobile (p-like) breather-like solutions are known for FPU and Klein-Gordon (KG) lattices (see e.g. [9] ). For the immobile case mathematical proofs of existence have been recently obtained [22, 23] . It is commonly believed that sonic breathers could exist only as transients because resonance with linear waves will destroy them asymptotically. A way out from this no-go result has been recently suggested in Ref. [24] , by resorting to averaging over fast oscillations. Some solutions are obtained by truncating nonlinear standing and travelling wave solutions [25, 26, 27] . On the other hand, exact moving solutions can be obtained for Toda [28] and Ablowitz-Ladik lattices [29] . Slowly moving breather solutions for both KG and FPU lattices have been obtained both numerically [10] and with analytical techniques [7] . Fast moving kinks have been observed in the FrenkelKontorova (FK) model [30, 31, 32] . However, to the best of our knowledge, all the observed localized modes in acoustic lattices move with velocities far below the maximum group velocity of linear waves.
Sharp Pulse Method. -The equations of motion of the FPU-β lattice are
where u n is the displacement of the n-th oscillator from its equilibrium position in dimensionless units. The real displacements are expressed dividing u n by the coefficient K 4 /m, where m is the mass of a particle and K 4 is the stiffness of the quartic spring. It is assumed that the distance between neighbors is unitary. In order to be able to excite high energy states, the coefficient K 4 should be big enough to avoid scattering of neighboring particles: this is realized if the real displacement u n / K 4 /m ≪ 1.
In the numerical experiment we oscillate the first particle of the chain in the following manner:
while the right end u N is pinned. After applying the above pulse with amplitude A and frequency ω, we pin both ends of the lattice. The result of the experiment is shown in Fig. 1 , where we plot in vertical scale u n versus the site number and time. Besides the perturbed region at the left end (from where the sharp pulse was fed in) fastly propagating objects appear. They are kinks that propagate with large and slightly different velocities. Hence, as time evolves the plateaus between them widens but the shapes of the kinks do not change. The profile of the chain at a given time is shown in Fig. 2(a) . The existence of these localizations is possible because of a peculiar symmetry of the FPU chain: u n → u n + const. Systems with such a continuous symmetry are characterized by an infinitely degenerate ground state. Spontaneous breakdown of this symmetry, which results into the natural choice of a definite ground state, leads to the appearance of gapless Goldstone modes that determine the formation of kinks in the nonlinear case. Now we aim at investigating numerically strongly localized (high stiffness) kinks and find for them approximate analytical description.
Since the potential energy of the FPU chain is only a function of the relative displacements v n = u n − u n−1 , these are the variables to be considered for the appropriate physical picture. In these new variables the equations of motion (1) exactly rewrite as
The shape of the localized objects in v-space is then of the solitonic type (see Fig. 2(b) ). Since in the u-space we had a kink, we call these sharply localized excitations kink-solitons as in Ref. [10] . Eq. (3) leads in the continuum to the modified Korteweg de-Vries (KdV) equation if one keeps only the first terms in the two small parameters 1/N and amplitude [33] . This last equation is well known to support exact soliton solutions. The sharp objects that we observe in our simulations could be considered as discrete extension of the solutions of the modified KdV. The theory for such objects for discrete lattices is briefly developed in the next section.
Approximate Analytical Description. -Inspired by the discovery of compacton solutions in KdV-like equations [34] , we make the following ansätz for the form of these strongly localized objects in v-space: where A is the amplitude of the kink-soliton, which does not coincide with the amplitude A 0 of the initially applied pulse; ω and k are effective frequency and wave numbers. The extension to discrete lattices of standing compactons has been analyzed in Ref. [35] ; however, we are here concerned with the moving kink-soliton case. According to Ref. [34] the main reason for the appearance of compacton solutions is the presence of nonlinear dispersive terms. In our case these could appear because of discreteness.
Substituting Eq. (4) into the equations of motion (3) and using the rotating wave approximation (RWA) [36] we obtain the following dispersion relation:
Varying the initial amplitude A 0 of the sharp pulse, the frequency ω 0 of the initial excitation, as well as the pulse duration t 0 , it is possible to get kink-solitons propagating with various amplitudes and velocities. However, in all numerical experiments performed with different parameter sets we always observe a very sharp object involving no more than three excited points in the kink-soliton [see Fig. 2(b) ]. This means that if we describe the localized objects by expression (4) then the wave number should be k = π/3 or very close to this value. Thus the velocity of the kink-soliton is
In Fig. 3 we plot the numerically measured velocities versus the kink-soliton amplitudes. We see that the theoretical curve (6) is in a good agreement with numerical data. Observe that the maximum group velocity of linear waves is 1, while the velocity of nonlinear kink-solitons could be well above it. This is important because it avoids resonances with phonons which would produce a disruption of the kink-soliton in a finite time.
To check the stability of the approximate solution (4) we directly put it in the unperturbed lattice giving to the kink-soliton an initial velocity given in formula (6) . In several simulations we observe the long lasting motion of a slightly modified kink-soliton. In other numerical experiments we initialize the lattice according to formula (4) at time zero. As shown in Fig.  4 we observe a splitting of the kink-soliton into two oppositely propagating kink-solitons with the velocity given by formula (6) . Since in our experiments the boundaries are pinned, we observe edge reflection. Both at edge reflections and when they collide kink-solitons do not significantly change their amplitudes and shapes.
We can also see that the sides of the strongly localized kink-solitons have exponential tails, as clearly shown in the unperturbed direction of the lattice (see Fig. 5 ) [35] .
Conclusions. -Summarizing, we have used the sharp pulse method to generate large amplitude, ultrasonic highly localized kink-solitons. These objects are stable against perturbations and are characterized by diffusionless transport properties. Kink-solitons with small stiffness have been considered before for FPU chains [33, 26, 37] and other physical systems [3, 4, 5] as solutions of the modified KdV equation. As it is shown in the present Letter, in the discrete case they acquire a compact support as in case of continuum KdV-like equations with nonlinear dispersive terms [34] . In other words, the discreteness serves as a source for the appearance of a compact support of the moving solution.
On the other hand, since these localized objects are stable and interact elastically with each other they might serve as very efficient high energy transport carriers. Thus we can predict that the systems we consider here should have divergent heat conductivity even at very large temperatures when the role of quasi-linear long wavelengths Goldstone modes in thermal conductivity should become negligible. * * * The kink-soliton is sided by exponentially decaying tails [35] .
